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(57) ABSTRACT

Disclosed is an HFO-1234ze and HFC-2451a co-production
preparation method. The HFO-1234ze and HFC-245fa are
prepared through a two-stage gas phase fluorination reaction
byusing 1,1,1,3,3-pentachloropropane (HCC-240fa) as a raw
material. With the processing method of the present inven-
tion, HFO-1234ze and HFC-245fa can be prepared at the
same time, and the alkene is unlikely to polymerize or car-
bonize during the reaction, thus being suitable for industrial-
ized promotion.
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1
HFO-1234ZE AND HFC-245FA
CO-PRODUCTION PREPARATION PROCESS

TECHNICAL FIELD

The present invention relates to methods for preparing
fluoroalkene, particularly relates to HFO-1234ze and HFC-
245fa co-production methods.

BACKGROUND TECHNOLOGY

HFC-134a (CF,CH,F, 1,1,1,2-tetrafluoroethane) is cur-
rently the most widely used coolant. Even though its ozone
destroying potential (ODP) is zero, its global warming poten-
tial (GWP) is high and can remain in the atmosphere for a
long time. When used in large quantity, it can cause global
warming. Therefore, European Union passed the F-gas regu-
lations in 2006, banning uses of fluorinated gas with GWP
greater than 150 as coolants in the air conditioners in new cars
from Jan. 1, 2011, and banning use of fluorinated gas with
GWP greater than 150 as coolants in all new automotive air
conditioners from Jan. 1, 2017.

In the search for a substitute for HFC-134a, 1,3,3,3-tet-
rafluoropropene (HFO-1234ze) is recognized as a future sub-
stitute for HFC-134a as a new generation coolant, because its
various properties, including ODP=0 and GWP<100. HFO-
1234ze is also thought to be promising as a next generation
foaming agent. In addition, it can be used as a cleaning agent,
aerosol propellant, solvent composition, insulation material,
and fire extinguishing and flame retarding agent, etc. Its appli-
cations are wide and promising.

1,1,1,3,3-Pentafluoropropane (HFC-2451a) is being devel-
oped as an ultimate substitute for the widely used foaming
agent trichlorofluromethane (CFC-11) and its transition sub-
stitute product 1,1-dichloro-1-fluroethane (HCFC-141b). Itis
recognized as the most promising third generation foaming
agent substitute. In addition, HCFC-245{fa is used as a cool-
ant, cleaning agent, aerosol agent, a starting material for other
fluorinated compounds, heat conducting medium, tobacco
swelling agent, and extraction agent, etc. Its application is
broad and wide.

Currently, industrial methods for the preparation of HCFC-
245fa mainly involve gas phase fluorination of 1,1,1,3,3-
pentafluropropane. And, the preparation methods for HFO-
1234ze mainly use 1-chloro-3,3,3-trifluoropropene (HCFC-
1233 zd) and 1,1,1,3,3-pentachloropropane (HCC-2401a) as
the starting materials. For example, Japanese patent No.
JP10007604 discloses methods using Cr, Ti, Ni, Al, Mn, Co
etc. metal oxides supported on carbon as catalysts to fluori-
nate HCFC-1233zd to produce HFO-1234ze. These methods
have relatively high one-way conversion rate. U.S. Patent
publication No. 2005/0020862 and Chinese Patent applica-
tion No. CN 1852880 disclose methods that under the cataly-
sis of a fluorination catalyst, fluorinate the starting material
1-chloro-3,3,3-trifluoropropene (HCFC-1233zd) to produce
1-chloro-1,3,3,3-tetrafluoropropane and 1,1,1,3,3-pentafluo-
ropropane. Then, in liquid phase under the action of a strong
base to remove HF and produce HFO-1234ze. Chinese Patent
No. CN1852880A, Japanese Patent Nos. JP10007605, JP
11140002, and U.S. Pat. Nos. 86,124,510, 5,986,151, etc.
disclose a method that, under the action of a suitable catalyst,
dehydrofluorinate 1,1,1,3,3-pentafluoropropane to produce
HFO-1234ze. This method has a relatively high one-way
conversion rate. Chinese Patent Publication No.
CN200710090535.2 and CN200810000765.X reported a
method that converts 1,1,1,3,3-pentachloropropane, under
the action of a fluorination catalyst, to HFO-1234ze. This
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2

method first fluorinates 1,1,1,3,3-pentachloropropane to pro-
duce HCFC-1233zd and a small amount of HFC-245fa. Then,
without purification, the mixture is placed into a second fluo-
rination reaction to produce HFO-1234ze. The product is
separated by a distillation column to produce HFO-1234ze.
The unreacted HCFC-1233zd and HFC-245fa are circulated
back into the second reactor.

Intheindustrial production, HFC-2451a is mainly prepared
in liquid phase, and HFO-1234ze is mainly prepared in gas
phase. Production of HFC-245fa in the liquid phase generates
a large amount of waste liquid and the production often can-
not be continuous. And, in the gas phase production of HFO-
1234ze, HFC-2451a is a side product, which would need to be
further dehydrofluorinated. The dehydrofluoroination reac-
tion tends to inactivate the catalysts. The present invention
provides methods for co-producing HFO-1234ze and HFC-
245fa. These methods can overcome the deficiency in the art
and product two useful products at the same time.

SUMMARY OF THE INVENTION

Embodiments of the invention provide methods for co-
producing HFO-1234ze and HFC-245fa.

To accomplish the object of the invention, the invention
involves the following embodiments.

A method for co-producing HFO-1234ze and HFC-245{a,
characterized in that the method comprises the following
steps:

(1) introducing into the first reactor (1) a starting material
stream containing anhydrous HF and HCC-240fa (10). In the
presence of an oxidative gale, under the action of a fluorina-
tion catalyst, the starting material anhydrous HF and HCC-
240fa react to produce a product stream (11);

(2) introducing the product stream (11) into the first sepa-
ration tower (2). A material stream (12) containing HCI is
formed at the top of the separation tower. A material stream
(13) containing HFC-245fa, HCFC-1233zd and HF is formed
in the boiler of the separation tower;

(3) introducing material stream (13) into the second reactor
(3). At the same time, pass an oxidative gas (14) into the
second reactor (3). Under the action of a fluorination catalyst,
the reaction continues and produces a product stream (15);

(4) delivering the product stream (15) into the second sepa-
ration tower (4). A material stream (16) containing HCI and
trans-HFO-1234ze is formed at the top of the separation
tower. The material stream (16), after washing with water, is
distilled and dried to produce trans-HFO-1234ze. A material
stream (17) containing cis-HFO-1234ze, HFC-245fa, HCFC-
1233zd, HCFC-244fa, and HF is formed in the boiler of the
separation tower;

(5) introducing the material stream (17) into a static can
(5). After the layers separate, the upper layer is a material flow
(18), which primarily comprises HF, is circulated into reactor
(1). The lower layer is an organic phase that forms a material
stream (19) that comprises cis-HFO-1234ze, HFC-245fa and
HCFC-1233zd,;

(6) introducing the material stream (19) into the third sepa-
ration tower (6). A material stream (20) formed at the top of
the separation tower comprises primarily cis-HFO-1234ze. A
material stream (21) formed in the boiler of the separation
tower comprises HFC-245fa and HCFC-1233zd. The mate-
rial stream (20), after isomerization, produces trans-HFO-
1234ze;

(7) introducing the material stream (21) into the fourth
separation tower (7). A material stream (22) formed at the top
of the tower comprises HFC-245fa. A material stream (23)
formed in the boiler of the separation tower comprises HCFC-
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1233zd. The material stream (23) is circulated back into the
first separation tower (2) or the second reactor (3).

In the first reactor (1), the reaction temperature is prefer-
ably 200-250° C., the reaction pressure is preferably 0.2-0.8
Mpa, the molar ratio of HF to HCC-2401a is preferably from
3:1 to 18:1, the gas flow speed is preferably 300-1000 h™*. In
more preferred embodiments, the reaction temperature is
preferably 180-260° C., the reaction pressure is preferably
0.2-0.5 Mpa, the molar ratio of HF to HCC-240fa is prefer-
ably from 6:1 to 18:1, the gas flow speed is preferably 300-
800 h".

In the second reactor (3), the reaction temperature is pref-
erably 300-380° C., the reaction pressure is preferably 0.2-0.8
Mpa, the molar ratio of HF to HCC-2401a is preferably from
3:1 to 8:1, the gas flow speed is preferably 300-800 h~'.

In the first separation tower (2), the separation pressure is
preferably 0.2-0.8 Mpa, and the separation temperature is
preferably 50-100° C. More preferably, in the first separation
tower (2), the separation pressure is the same as the reaction
pressure in the first reactor (1), the separation pressure is
0.3-0.5 Mpa, and the separation temperature is 60-80° C. The
top of the first separation tower (2) is preferably cooled with
a coolant, and the temperature of the coolant is preferably
-40--20° C.

In the second separation tower (4), the separation pressure
is preferably 0.2-0.8 Mpa, and the separation temperature is
preferably 50-90° C. More preferably, in the second separa-
tion tower (4), the separation pressure is the same as the
reaction pressure in the first reactor (1), the separation pres-
sure is 0.3-0.5 Mpa, and the separation temperature is 50-70°
C. The top of the second separation tower (4) is preferably
cooled with a coolant, and the temperature of the coolant is
preferably -50--30° C.

In the third separation tower (6), the separation pressure is
preferably 0.1-1.2 Mpa, and the separation temperature is
preferably 50-100° C. The top of the third separation tower
(6) is preferably cooled with a coolant, and the temperature of
the coolant is preferably 0-20° C.

Inthe fourth separation tower (7), the separation pressure is
preferably 0.2-0.9 Mpa, and the separation temperature is
preferably 60-110° C. The top of the third separation tower
(6) is preferably cooled with a coolant, and the temperature of
the coolant is preferably 10-18° C.

The present invention provides a method for isomerization.
The material stream (20) is introduced into the third reactor
(8). Under the action of an isomerization catalyst, the isomer-
ization occurs to produce a material stream (26) comprising
trans-HFO-1234ze and cis-HFO-1234ze. The material
stream (26) is introduced into the fifth separation tower (9).
After separation, a material stream (25) comprising trans-
HFO-1234ze is obtained at the top of the separation tower. A
material stream (24) comprising cis-HFO-1234ze is obtained
in the boiler of the separation tower. The material stream (24)
is circulated into the third reactor (8).

In the third reactor (8), the reaction temperature is prefer-
ably 180-220° C., the reaction pressure is preferably 0-1.0
Mpa.

In the fifth separation tower (9), the separation pressure is
preferably 0.3-0.5 Mpa, and the separation temperature is
preferably 50-100° C. The top ofthe fifth separation tower (9)
is preferably cooled with a coolant, and the temperature of the
coolant is preferably -10--30° C.

Fluorination catalysts for use with embodiments of the
invention preferably are iron-containing chromium oxofluo-
ride catalysts. In the iron-containing chromium oxofluoride
catalysts, chromium accounts for 80-100% based on the mass
of'the active metals. The iron-containing chromium oxofluo-
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4

ride catalysts may further comprise other active metals. Other
active metals are preferably one, two, three, or four kinds of
metals selected from Mg, Zn, Al, and La.

Isomerization catalysts for use with embodiments of the
invention preferably are chromium oxofluoride catalysts and/
or aluminum triffuoride catalysts.

The physical characteristics of catalysts for use with
embodiments of the invention preferably are not important.
For example, the shapes of these catalysts may include
spheres, flakes, and granules. Although it is not necessary,
these catalysts preferably are subjected to fluorination treat-
ments prior to use, which for example may be pre-treatment
with HF. This pre-treatment is thought to convert oxides on
the surfaces of the catalysts into fluorides. This pre-treatment
can be achieved with the catalysts and HF in a suitable cata-
lyst reactor. This can be performed at a selected temperature,
about 200-300° C., by passing anhydrous HF through the
catalyst for 15-400 minutes. A method for such preparation
may be found in Chinese Patent No. CN1408476.

To solve the problem that alkenes are prone to polymerize
to form carbonization, in accordance with embodiments of
the invention, an oxidative gas is passed into the reactor. A
preferred oxidative gas is oxygen. The amount of the oxida-
tive gas added is preferably 0.1-20% of the amount of HCC-
240fa.

In accordance with embodiments of the invention, the reac-
tors, distillation towers, and related material delivery tubes/
pipes, discharge tubes, and related unties should be made of
corrosion-resistant materials. Typical corrosion-resistant
materials include Ni alloy, stainless steel, copper plated steel,
etc.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a flowchart of a process of the invention,
wherein the material flows are shown.

FIG. 2 illustrates a flowchart of a process of the invention,
wherein the material flows are shown.

FIG. 3 illustrates a flowchart of a process of the invention,
wherein the material flows are follows.

EQUIPMENT

1. First reactor, 2. First separation tower, 3. Second reactor,
4. Second separation tower, 5. Static can, 6. Third sepa-
ration tower, 7. Fourth separation tower, 8. Third reactor,
9. Fitth separation tower.
Material Flows (Material Streams):

10. Starting material stream containing anhydrous HF and
HCC-240fa, 11. Reaction product stream, 12. HCl-contain-
ing material stream, 13. Material stream containing HFC-
245fa, HCFC-1233zd and HF, 14. Oxidative gas, 15. Reac-
tion product stream, 16. Material stream containing HCI and
trans-HFO-1234z7e, 17. Material stream containing cis-HFO-
1234ze, HFC-245fa, HCFC-1233zd, HCFC-244fa and HF,
18. Material stream containing primarily HF, 19. Material
stream containing cis-HFO-1234ze, HFC-245fa and HCFC-
1233zd, 20. Material stream containing primarily cis-HFO-
1234ze, 21. Material stream containing HFC-245fa and
HCFC-1233z7d, 22. Material stream containing HFC-245fa,
23. Material stream containing HCFC-1233zd, 24. Material
stream containing cis-HFO-1234ze, 25. Material stream con-
taining trans-HFO-1234z7e, 26. Material stream containing
trans-HFO-1234ze and cis-HFO-1234ze.

DETAILED DESCRIPTION

The invention will be further explained using the following
examples. However, the scope of protection of the present
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invention is not limited by these examples. One skilled in the
art should appreciate that the scope of the invention covers all
possible embodiments in the claims, improved embodiments
and equivalents thereof.

Example 1
Preparation of Gas Phase Fluorination Catalysts

Obtain hydroxyl compounds from a solution containing 1
g of ZnCl,, 13 g of AI(NO;),.9H,0, 1 g of FeCl;.9H,0, and
360 g of 10% CrCl; solution by precipitation. Heat the pre-
cipitates, and then treat the precipitates with HF to obtain
mixed metal fluoride salts. Add 15 ml of the mixed metals
fluoride salts into a Monel alloy reactor. Pass chlorine gas for
4 hours at 400° C. Use nitrogen to remove residual chlorine
gas. Then, lower the temperature to a temperature suitable for
reaction and pass reaction material gas into the reactor to
allow the reaction to occur.

Example 2

Co-Production of Trans-HFO-1234ze and
HFC-245fa

Use a stainless steel tube (050 mm; 50 mm diameter) as a
first reactor (1). Charge a catalyst prepared in Example 1 into
the first reactor (1). The reaction conditions are controlled as
follows: reaction temperature 200° C., reaction pressure 0.4
Mpa, space speed (volume displacement) 6000, molar ratio of
240fa:HF:0,=1:10:0.03. The selectivities of products in the
product stream (11) thus produced are: HFO-1233zd
(91.32%), HFO-1234ze (1.06%), HFC-245fa (4.90%),
HCFC-244fa (2.72%). HCC-240fa conversion rate is 95.8%.

Introduce the product stream (11) into the first separation
tower (2) to separate the components. The boiler of the sepa-
ration tower has a volume of 30 L, a diameter of 25 mm, and
a height of 5.6 m. The operation conditions are controlled at:
boiler temperature 70° C., pressure 0.4 Mpa, and coolant
temperature —-30° C. After separation, the material stream
(12) formed at the top of the separation tower contains the
major compositions with the following molar contents: HCI
(97.32%), HFO-1233zd (1.0%), and HF (0.90%). The mate-
rial stream (13) formed at the boiler of the separation tower
has the major compositions with the following molar con-
tents: HF (89.2%), HFO-1233zd (9.12%), and HFC-245fa
(0.89%).

Introduce the material stream (13) into the second reactor
(3). Add a catalyst from Example 1 into the second reactor (3).
Control the reaction conditions as follows: reaction tempera-
ture 360° C., reaction pressure 0.3 Mpa, space speed 400 h™!,
and a molar ratio of the organic phase to oxygen 1:0.05. In the
product stream (15) thus formed, the major compositions
have the molar contents: E-HFO-1234ze (48.15%), Z-HFO-
1234ze(21.01%), E-HFO-12332d (13.97%), Z-HFO-1233zd
(3.59%), HFC-245fa (11.62%), and HCFC-244fa (1.51%).

Introduce the product stream (15) into the second separa-
tion tower (4) to conduct separation. The separation condi-
tions are controlled as follows: boiler temperature 70° C.,
pressure 0.3 Mpa, and coolant temperature -30° C. In the
material stream (16) formed at the top of the separation tower,
the major compositions have the molar contents: E-HFO-
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6
1234ze (33.2%), Z-HFO-1234z7e (8.56%), and HCI (55%). In
the material stream (19) formed in the boiler of the separation
tower, the major compositions have the molar contents: HF
(87.4%), E-HFO-1234ze (0.45%), Z-HFO-1234z¢ (2.06%),
HFC-245fa (1.99%), E-HFO-1233zd (5.4%), and Z-HFO-
12337d (1.90%).

Introduce the material stream (19) from the boiler into the
third separation tower (6) to conduct separation. Separation
conditions are controlled as follows: boiler temperature 70°
C., pressure 0.5 Mpa, and coolant temperature at the top of the
tower 0° C. In the material stream (20) formed at the top of the
tower, major compositions have the molar contents: Z-HFO-
1234ze (99.10%). In the material stream (21) formed at the
bottom of the tower, major compositions have the molar
contents: HFC-245fa (25.17%), E-HFO-1233zd (52.3%),
and Z-HFO-1233zd (12.89%).

Introduce the material stream (21) from the bottom of the
tower into the fourth separation tower (7) to conduct separa-
tion. The separation conditions are controlled as follows:
boiler temperature 70° C., pressure 0.5 Mpa, and coolant
temperature at the top of the tower 15° C. At the top of the
tower, the material stream (22) thus formed comprises mainly
HFC-245fa, wherein the molar content of HFC-245fa
accounts for 99.26% of the total material stream (22). At the
boiler, a material stream (23) is formed, the molar contents of
major compositions in which are: E-HFO-1233zd (78.3%),
and Z-HFO-1233zd (19.33%).

Add the material stream (20) from the top of the third
separation tower (6) into the third reactor (8) to perform
isomerization. The reaction temperature is 200° C. The mate-
rial space speed is 80 h™. In the material streamed formed in
the boiler, the major compositions have the molar contents:
E-HFO-1234ze (85.5%) and Z-HFO-1234ze (14.5%).

Introduce the material stream (26) from the bottom of the
third reactor (8) into the fifth separation tower (9). The sepa-
ration conditions are: tower boiler temperature 70° C., pres-
sure 0.5 Mpa, and the coolant temperature at the top of the
tower —20° C. The material stream (25) obtained from the top
of the tower contains trans-HFO-1234ze, wherein the molar
contents of trans-HFO-1234ze, relative to the total of material
stream (25), is 99.94%. At the bottom of the tower, a material
stream (4) is obtained, the molar content of the major com-
position, Z-HFO-1234ze, is 98.36%.

Example 3
Preparation of HCFC-1233zd

Inastainless steel tube (350 mm), a catalyst from Example
1 (after treatment as shown in Example 1) is introduced. The
filling amount is 50 ml. First, pass HCC-240fa, anhydrous HF
and O, through a preheating can, at 220° C., to thoroughly
preheat the mixture. Then, introduce the mixture into the
reactor to carry out the reaction. The molar ratio of anhydrous
HF, HCC-240fa and oxygen is 10:1:0.02, the space speed is
700 h™!, the reaction temperature is 180-260° C., and the
reaction pressure is 0.3 Mpa. The product stream leaving the
reactor is analyzed with GC-MS, and the results are summa-
rized in TABLE 1.



US 9,233,897 B2

7
TABLE 1

8
TABLE 3

Temperature Comparison

HCC-240fa

Reaction Con- Outlet Product Selectivity
Temper- version HFO- HFO- HFC- HCFC-

ature Rate 1233zd  1234ze 245fa 244fa
180° C. 87% 93.44%  0.75% 1.56% 4.25%
200° C. 94.5% 91.5% 1.25%  3.74% 3.51%
220°C. 96.2% 90.68%  1.46% 4.82% 3.04%
240° C. 96.4% 81.55%  1.35% 14.26% 2.84%
260° C. 96.8% 75.64%  1.52% 20.78%% 2.06%

Example 4

Preparation of HCFC-1233zd

In a stainless steel tube (P50 mm), a catalyst from Example
1 (after treatment as shown in Example 1) is introduced. The
filling amount is 50 ml. First, pass HCC-240fa and anhydrous
HF through a preheating can, at 220° C., to mix and preheat
the mixture. Then, introduce the mixture into the reactor to
carry out the reaction. The reaction temperature is 220° C.,
space speed is 700 h™', and the reaction pressure is 0.3 Mpa.
The molar ratios of HF and HCC-240fa are varied. The prod-
uct stream leaving the reactor is analyzed with GC-MS, and
the results are summarized in TABLE 2.

TABLE 2

Ratios of Materials

240fa
HF: con- Outlet Product Selectivities

240fa:0,  version HFO- HFO- HFC- HCFC-
Molar Ratio  rate % 1233zd  1234ze 245fa 244fa

3:1:0.005 43.2%%  98.75% 0.30% 0.54% 0

6:1:0.005  77.45% 96.40% 0.81% 1.54% 1.25%

9:1:0.005 95.8% 90.94% 1.40% 4.62% 3.04%
12:1:0.005 96.2% 89.72% 4.45% 2.89% 2.94%
15:1:0.005 97.1% 89.69% 5.14% 3.04% 2.13%
18:1:0.005 98.2% 89.77% 5.21% 2.98% 2.04%

Example 5

Preparation of HCFC-1233zd

In a stainless steel tube (P50 mm), a catalyst from Example
1 (after treatment as shown in Example 1) is introduced. The
filling amount is S0 ml. First, pass HCC-240fa, anhydrous HF
and O, through a preheating can, at 220° C., to thoroughly
preheat the mixture. Then, introduce the mixture into the
reactor, at different space speeds, to carry out the reaction.
The reaction temperature is 22° C., the molar ratio of anhy-
drous HF, HCC-240fa and oxygen is 10:1:0.005, and the
reaction pressure is 0.3 Mpa. The results are summarized in
TABLE 3.
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Reaction Space Speed Comparison

240fa

Space con- Outlet Product Selectivities

Speed version HFO- HFO- HFC- HCFC-
(h™h rate % 1233zd 1234ze 2451a 244fa
300 99.12% 93.08% 3.78% 1.58% 1.56%
400 98.65% 93.53% 3.04% 1.67% 1.76%
500 98.10% 92.52% 2.45% 2.89% 2.14%
600 97.30% 91.68% 1.79% 3.77% 2.76%
700 96.20% 90.68% 1.46% 4.82% 3.04%
800 90.15% 90.42% 0.97% 5.14% 3.47%

Example 6

Preparation of HCFC-1233zd

Inastainless steel tube (350 mm), a catalyst from Example
1 (after treatment as shown in Example 1) is introduced. The
filling amount is 50 ml. First, pass HCC-240fa, anhydrous HF
and O, through a preheating can, at 220° C., to thoroughly
preheat the mixture. Then, introduce, at different tempera-
tures, the mixture into the reactor to carry out the reaction.
The reaction temperature is 220° C., the molar ratio of anhy-
drous HF, HCC-240fa and oxygen is 10:1:0.005, and the
space speedis 700 h~*. The results are summarized in TABLE
4.

TABLE 4

Reaction Pressure Comparison

HCC-240fa

Reaction Con- Outlet Product Selectivities
Pressure version HFO- HFO- HFC- HCFC-
(MPa) rate (%) 1233zd 1234ze 245fa 244fa
0.2 96.3% 91.66% 3.05% 3.84% 1.45%
0.3 96.2% 90.68% 1.46% 4.82% 3.04%
0.4 96.4% 90.32% 1.02% 5.51% 3.15%
0.5 96.5% 89.22% 0.49% 7.22% 3.07%

Example 7

Preparation of HFO-1234z7¢

In astainless steel tube (350 mm) as the second reactor (3),
a catalyst from Example 1 (after treatment as shown in
Example 1) is introduced. The filling amount is 50 ml. First,
amaterial stream (13) containing HCC-240fa and HF formed
at the boiler of the first separation tower is passed, together
with O,, through a preheating can, at 300° C., to thoroughly
preheat the mixture. Then, introduce, at different tempera-
tures, the mixture into the second reactor (3) to carry out the
reaction. The molar ratio of the organic phase to oxygen is
1:0.005, the space speed is 400 h™!, and the reaction pressure
is 0.3 Mpa. Results from reaction temperature comparison are
summarized in TABLE 5.
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TABLE 5

Reaction Temperature Comparison

10
TABLE 7

Separation of the first separation tower

Reac- Molar contents of compositions
Organic tion from outlet (%) 5 Boiler Pres- Coolant Molar contents in the
temperature sure temperature at compositions from top (%)
phase Tem- HFO- HFO-
composition pet- 1234ze 1233zd HFC- HCFC- C) (MPa)  the top (° C.) HF HCI Jtdh
(mol %) ature E Z E Z  245fa  244fa » 60 03 Z30 191 96.34 175
HF 91.89, 300°C. 20.17 649 37.23 1594 1847 170 0.4 0.94 9725 1.81
1234z¢ 040 320°C. 33.19 1224 19.64 10.76 11.97 041 0.5 089 9746 1.65
123324 6.58, 340°C. 40.05 1635 23.15 6.28 1235 182 60 04 30 094 9725 181
245fa 0.88, 360°C. 48.15 21.01 13.97 3.59 11.62 151
HCI 0.04 380°C. 4835 201.54 1302 342 1152 115 70 294 90.16 6.9
244fa 0.21 15 80 504 8227 12.69
60 0.4 -20 405 8602 9.93
-30 094 9725 1.81
-40 025 9845 1.3
Example 8
20
Preparation of HFO-1234z7¢ Example 10
In a stainless steel tube (050 mm) as the second reactor (3), . .
a catalyst from Example 1 (after treatment as shown in s Operation of the Second Separation Tower,
Example 1) is introduced. The filling amount is 50 ml. First, Separation of Trans-HFO-1234Ze
a material stream (13) containing HCC-240fa and HF formed
at the boiler of the first separation tower is passed, together Introduce the product stream (15) from the second reactor
with O,, through a preheating can, at 300° C., to thoroughly into the second separation tower (4) to perform separation. In
preheat the mixture. Then, introduce, at different tempera- 30 the product stream (15), the molar contents of major compo-
tures, the mixture into the second reactor (3) to carry out the sitions are: HF (44.15%), HCI (27.78%), HFO-1234ze
reaction. The molar ratio of the organic phase to oxygen is (22.14%), HCFC-1233zd (4.41%), and HFC-245fa (1.25%).
1:0.005, the space speed is 400 h™!, and the reaction tempera- Separation efficiencies under different temperatures and pres-
ture is 360° C. Results from reaction pressure comparison are sures are summarized in TABLE 8.
summarized in TABLE 6. 33
TABLE 8
TABLE 6 , ,
Separation at the second separation tower (4)
Reaction Pressure Comparison . .
40 Boiler Coolant Molar contents of compositions
Molar contents of compositions Temper- tempera- from the top (%)
Organic Reac- from outlet (%)
ature Pressure ture E-HFO- Z-HFO- E-HFO- HFC-
Phase tion HFO- HFO- (°C.)  (MPa)  (°C) 1234ze 1234ze 1233zd 245fa
Composition Pressure 1234ze 1233zd HFC- HCFC- 50 03 _40 9791 021 134 054
. 45 0.4 98.52 0.16 1.03 029
(mol %) MPa B Z B 7 20h 244k 05 99.15  0.08 0.64 013
HF 9167 0.2 49.07 2242 1384 3.67 1024 076 30 0.4 -40 9852 016 Lo3 - 029
1234ze 054 03 4815 2101 13.97 359 11.62 151 60 9432 0.69 379 LS
1233zd  7.28 04 4205 1604 13.05 347 2385 282 70 877 101 625 297
245 016 05 3729 1348 13.04 3.06 30.00 304 30 0.4 -3 9539 048 285 096
HCl 006 0.6 31.05 1094 13.16 348 3852 285 50 -40 08.52  0.16 103 029
2446 0.29 -50 99.04 0.09 083  0.04
Example 9 55 Example 11
Operation of the First Separation Tower (2), Operation of the Third Separation Tower (6),
Separation of HCI Separation of Cis-HFO-12347e
60 . .
Introduce the product stream (11) formed in the first reac- Intr.oduce the pr oduct stream (19) from static can (5) into
tion into the first separation tower (2) to fractionate the com- the third separation tower to perform separ; ation. Inthe PFOd'
ponents. In the product stream (11), the major compositions ~ uct stream (19), the molar contents of major compositions
molar contents are: HE (45.1%), HO (48.94%), HCFC-  are: Z-HFO-1234ze (49.87%), Z-HFO-1233zd (26.51%),
1233zd (5.06%), and other organic phase (5.96%). Separa- ¢5 E-HFO-1233zd (6.46%), and HFC-245fa (12.67%). The

tion efficiencies under different temperatures and pressures
are shown in TABLE 7.

separation efficiencies under different temperatures and pres-
sures are summarized in TABLE 9.
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TABLE 9

12
TABLE 11

Separation efficiency of the third separation tower (6)

Boiler Coolant

Molar contents of organic
tempera- tempera- phase at the top ( % )
ture Pressure ture E-HFO- Z-HFO- E-HFO- HFC-
(°C) (MPa) (°C) 1234ze  1233zd  1233zd  245fa
70 0.3 0 94.85 3.49 0.40 1.26
0.4 97.06 2.04 0.16 0.74
0.5 99.10 0.71 0.03 0.16
70 0.5 0 99.10 0.71 0.03 0.16
80 98.25 1.34 0.12 0.29
90 97.36 1.97 0.19 0.48
70 0.5 10 91.04 6.21 0.69 2.06
0 99.10 0.71 0.03 0.16
-10 99.26 0.62 0.02 0.10
Example 12

Operation of the Fourth Separation Tower (7),
Separation of HFC-245Fa

Introduce the product stream (21) from the third separation
tower (6) into the fourth separation tower (7) to perform
separation. In the product stream (21) formed at the boiler, the
molar contents of the major compositions are: HFC-245fa
(50.82%), Z-HFO-1233zd (39.42%), and E-HFO-1233zd
(9.76%). Separation efficiencies at different temperatures and
pressures are summarized in TABLE 10.

TABLE 10

Separation efficiencies of the fourth separation tower (7)

Boiler Coolant Molar contents of

temper- Pres- temper- organic phase at the top (%)

ature sure ature HFC- E-HFO- Z-HFO-
“C) (MPa) (°C.) 245fa 1233zd 1233zd

70 0.3 15 95.35 3.49 1.16

0.4 97.94 1.28 0.78

0.5 99.26 0.53 0.21

70 0.5 15 99.26 0.53 0.21

30 97.35 1.79 0.86

90 94.29 3.97 1.74

70 0.5 20 92.34 6.49 1.17

15 99.26 0.53 0.21

10 99.40 0.46 0.14

Example 13

Isomerization of cis-1234ze to Produce trans-1234ze

Control the reaction pressure in the third reactor (8) at 0.4
Mpa. Inthe material stream (20) added to the third reactor (8),
the molar contents of the major compositions are: Z-HFO-
1234ze (99.10%), Z-HFO-1233zd (0.71%), E-HFO-1233zd
(0.03%), and HFC-2451a (0.16%). Under different tempera-
tures and different space speeds, the molar contents of the
major compositions in the material stream (26) are as shown
in TABLE 11.
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Comparison in the third reactor (8)

Reactor Space Molar contents of organic
temperature speed phase at reactor outlet (%)
“C) (h™YH E-HFO-1234ze Z-HFO-1234z¢
180 80 69.0 31.0
200 85.5 14.5
220 84.9 15.1
200 60 85.7 14.3
80 85.5 14.5
100 79.6 20.4
Example 14

The Fifth Separation Tower (9), Separation of
E-1234Ze

Add material stream (26) into the fifth separation tower (9)
to perform separation. In the material stream (26), the molar
contents of the major compositions are: E-HFO-1234ze
(85.5%) and Z-HFO-1234ze (14.5%). Separation data are
shown in TABLE 12.

TABLE 12

Separation in the fifth separation tower

Boiler Coolant Molar contents of the organic
temperature temperature phase at the reactor outlet (%)
(°C) (°C) E-HFO-1234ze Z-HFO-1234z¢

60 -20 94.67 5.33

70 99.94 0.06

30 99.95 0.05

70 -30 99.95 0.05

-20 99.94 0.06

-10 86.98 13.02

What is claimed is:

1. A method for co-producing HFO-12347ze and HFC-
245fa, characterized in that the method comprises the follow-
ing steps:

(1) adding into a first reactor (1) a starting material stream
(10) that contains anhydrous HF and HCC-240f1a, and in
the presence of an oxidative gas and the action of a
fluorination catalyst, reacting the anhydrous HF and
HCC-240fa to produce a product stream (11);

(2) adding the product stream (11) into a first separation
tower (2) to form a material stream (12) that contains
HCL at the top of the first separation tower and a mate-
rial stream (13) that contains HFC-245fa, HCFC-
1233zd and HF in a boiler of the first separation tower;

(3) introducing the material stream (13) into a second reac-
tor (3) and simultaneously introducing into the second
reactor (3) an oxidative gas to react, under the action of
a fluorination catalyst, and form a product stream (15);

(4) introducing the product stream (15) into a second sepa-
ration tower (4) to form a material stream (16) contain-
ing HCL and trans-HFO-1234ze at the top of the second
separation tower, and a material stream (17) containing
cis-HFO-1234ze, HFC-245fa, HCFC-1233zd, HCFC-
244fa and HF in the boiler of the second separation
tower, wherein the material stream (16), after washing
with water, separation, and drying, produces trans-HFO-
1234ze;
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(5) introducing the material stream (17) into a static can
(5); after layer separation, circulating the upper layer,
material stream (18) comprising primarily HF, back into
the first reactor (1), wherein the lower layer organic
phase forming material stream (19) that comprises cis-
HFO-1234ze, HFC-245fa and HCFC-1233zd;

(6) introducing the material stream (19) into a third sepa-
ration tower (6), wherein a material stream (20) forms at
the top of the third separation tower and contains prima-
rily cis-HFO-12347¢, and a material stream (20) formed
in the boiler of the third separation tower comprises
HFC-245fa and HCFC-1233zd, wherein the material
stream (20) is isomerized to produce trans-HFO-
1234ze;

(7) introducing the material stream (21) into a fourth sepa-
ration tower, wherein a material stream (22) formed at
the top of the fourth separation tower comprises HFC-
245fa, and a material stream (23) formed in the boiler of
the fourth separation tower comprise HCFC-1233zd,
wherein the material stream (23) is circulated back into
the first separation tower (2) or the second reactor (3).

2. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that in the first
reactor (1), a reaction temperature is 200-250° C., a reaction
pressure is 0.2-0.8 Mpa, a molar ratio of HF to HCC-240fa is
from 3:1 to 18:1, and a space speed is 300-1000 h™*.

3. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 2, characterized in that in the first
reactor (1), a reaction temperature is 180-260° C., a reaction
pressure is 0.2-0.5 Mpa, a molar ratio of HF to HCC-240fa is
from 6:1 to 18:1, and a space speed is 300-800 h™*.

4. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that in the second
reactor (3), a reaction temperature is 300-380° C., a reaction
pressure is 0.2-0.8 Mpa, a molar ratio of HF to HCC-240fa is
from 3:1 to 8:1, and a space speed is 300-800 h™".

5. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that in the first
separation tower (2), a separation pressure is 0.2-0.8 Mpa and
a separation temperature is 50-100° C.

6. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 5, characterized in that in the first
separation tower (2), a separation pressure is that same as that
in the first reaction (1), wherein the separation pressure in the
first separation tower is 0.3-0.5 Mpa and a separation tem-
perature is 60-80° C.

7. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 5, characterized in that a coolant is
used at the top of the first separation tower (2), wherein a
temperature of the coolant is -40--20° C.

8. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that in the second
separation tower (4), a separation pressure is 0.2-0.8 Mpa and
a separation temperature is 50-90° C.

9. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 8, characterized in that in the second
separation tower (4), a separation pressure is that same as that
in the first reaction (1), wherein the separation pressure in the
second separation tower (4) is 0.3-0.5 Mpa and a separation
temperature is 50-70° C.

10. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 8, characterized in that a coolant is
used at the top of the second separation tower (4), wherein a
temperature of the coolant is -50--30° C.
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11. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that in the third
separation tower (6), a separation pressure is 0.1-1.2 Mpa and
a separation temperature is 50-100° C.

12. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 11, characterized in that a coolant is
used at the top of the third separation tower (6), wherein a
temperature of the coolant is 0-20° C.

13. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that in the fourth
separation tower (7), a separation pressure is 0.2-0.9 Mpa and
a separation temperature is 60-110° C.

14. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 13, characterized in that a coolant is
used at the top of the fourth separation tower (7), wherein a
temperature of the coolant is 10-18° C.

15. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that the material
stream (20) introduced into the third reactor (8) is isomerized,
in the presence of an isomerization catalyst, to produce a
material stream (24) containing trans-HFO-1234ze and cis-
HFO-1234ze, wherein the material stream (26) is introduced
into a fifth separation tower (9), wherein a material stream
(25) formed at the top of the fifth separation tower contains
trans-HFO-1234z7e, and a material stream (24) formed in the
boiler of the fifth separation tower contains cis-HFO-1234ze,
wherein the material stream (24) is circulated back into the
third reactor (8).

16. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 15, characterized in that in the third
reactor (8), a reaction temperature is 180-220° C. and a reac-
tion pressure is 0-1.0 Mpa.

17. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 15, characterized in that in the fifth
separation tower (9), a separation pressure is 0.3-0.5 Mpa and
a separation temperature is 50-100° C.

18. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 15, characterized in that a coolant is
used at the top of the fifth separation tower (9), a temperature
of the coolant is -10--30° C.

19. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that the fluori-
nation catalyst used in the first reactor (1) and the second
reactor (5) is an iron-containing chromium oxofluoride cata-
lyst.

20. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 19, characterized in that in the
iron-containing chromium oxofluoride catalyst, chromium
accounts for 80-100% by mass of active metal.

21. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 20, characterized in that the iron-
containing chromium oxofluoride catalyst contains one, two,
three, or four types of metals selected from the group consist-
ing of Mg, Zn, Al, and La.

22. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 15, characterized in that the isomer-
ization catalyst used in the third reactor (8) is a chromium
oxofluoride catalyst and/or an aluminum trifluoride catalyst.

23. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that the oxidative
gas is oxygen.

24. The method for co-producing HFO-1234ze and HFC-
245fa according to claim 1, characterized in that the oxidative
gas is added at an amount of 0.1-20% of HCC-240fa.
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